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SECTION I.-AEROLOGY. 
THE DIURNAL PERIOD O F  THE WIND VELOCITY. 

During 1913 and 1913 Prof. G .  Hellmmn (1) has studied the verti- 
cal change in wind velocity in winds t i p  to moderate dietanres above 
the earth’s surface. Thcse studies have helped tu reach the following 
conclusions conceruing the diurnal periods of t.he velc1cit.y at different 
levels.-c. A., jr. 

When one reviews all the fncts heretofore learned con- 
cerning the diurnal period of tlie wind velocity, supple- 
menting them with those brought out, [in (I)], one comes 
to hold the ricw that the principal wind phenniiicnon of 
the higher levels of the atmosphere demanding esplana- 
tion is the diurnal period. 

In  our re ion of the globe, viz, that of the prevailing 

terized by a nocturnal mashnuiii and a daytime niiniiiiuiii, 
dominates the greater niass of the atmosphere. Through- 
out the year this diurnal period extends domi to the sur- 
face of the ocean; but over the lands it estends only to 
within about 50 nieteis of their surface during the cold 
season aiid to within about 100 meters during the wvltriii 
season, and with weak air morement,e down tmo wit.hiii a 
few meters of the ground. Inversely, that cliuriinl periocl 
of the wind velocity characterized by a daylight masi- 
mum and a nocturnal mininiuni, is restricted to the corre- 
sponding lowermost atniosplieric: layers and in fact is 
found in all the wind districts of the h i d  regions of the 
earth. 

The Espy-Koppen theory, which is tlie most widel 
kiiown, seeks to explain both types of the diurnal perio d - 
icity in the wind velocity by the effect of the ascencliiig 
and descending air cui-renbs thnt develop over the c.onti- 
nents during the day. Thr nsccnding currents we:i.lien the 
higher lying air current8s : the descending currents bring 
down from above more rapidly moving air and thereby 
increase the wind volocity of the lower st,rata. 

Such convection currents me indeed adequate to es- 
lain the processes taking place in the lower air layers. 

ft has, however, long been recognizecl as a fault in this 
theory that the claytime niinimuni in the wind velocity 
which occurs e-reii during the winter :kt  great altitudes, 
could scarcely be due to asc.encling sir currents. To be 
sure, our knowledge of these upper air conditions is aliiiost 
wholly due to observations at  mountain st.at,ions, thnt is, 
at points on the earth’s surface. d. Prppler’s recent 
effort to use wind-velocity observations nincle hy nieans 
of kites in deducing the periocl for the free-air winds 1in.s 
taught, us, however, thnt, here also the velocity minimum 
seems to occur during the daytime. The conclusion is 
still somewhat uncerhiq, since the aionsureiiients are 
nunwrionlly few and very unec~unlly rlist.ribut,ed nmoiig 
the different hours. On t-lie other hand, the records se- 
cured froni the suniiiiit of the Eiffel Tower (305 meters) 
are cltogether in favor of the conclusion t h t ,  the gcnerd 
character of the diurnal periocl of the wind velocity is the 
same for mountain suiiimits a.s for the upper sbrnt,a of the 
free air (2). 

The writ.er finds that the cause of the diurnal period 
in the air current.s of the iiiaiii portion of the at.niosphere. 
lies in the t,hennd wnve which passes arouncl the eart.11 
from east t.0 west, every 34 houis: a phenomenon whicli 
has already been pointed out, sometimes in quite differ- 

westerlies, t i e  P diurnal period in the wind velocity, cliarac- 
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ent connections, by Kelvin, Margules, Gold, Moller, and 
ot,liers. In  t,he iiiorning the air of the more easterly 
regions is more strongly heated, thereby the isobaric sur- 
faces in the enst sufl’er elevation so that an overhead 
pressure gradient from east bo west arises. The revail- 
ing west wind nus t  thereby be weakened, while a I; ter the 
t,lieniial wave has crossed a given locd meridian both the 
c:iuses have the snnie sign and t.lierefore t,cntl to strengthen 
t . 1 ~  wind ve1ocit)y. For R locdity in the Northern Heinis- 
pliere the region of niasiiiiuiii 1ieat.ing aiid the summit of 
the resultant great air wave, lies t,o tmhe southeast in the 
morning, t.o t.lie sout.li at noon, and t.o tlie sout.liwest in t.he 
afternoon, so tlmt the resultant oi t,lie t,wo effective forces 
niust vnry according its the general westerly drift of the 
air of the higher atnios h e r e  inclines to come from the 

Is this view correct, then i t  may be espected that dis- 
tricts having predominantly enst winds will have a cliur- 
nltl period the opposite of the above, i. e., R daytime 
ni;tsiniuni. We have for some 
h n e  kiiown the reninrl<able fact t,hab on the suiiiiiiits of 
tlie iiiount,ains of the sou them East Indies the diurnal 
periocl of the wind velocity during the dominance of the 
southwest monsoon is similar to that of our own nioun- 
tnins (3)  ; but, that cluring the northeast iiionsoon the 
diurnal period is invert,ed, showing n da time niasinium. 
In these cases then, bot.11 the upper an B the lower strata 
litire tlic snnie hourly changes 111 wind veloc.ity. 

Our hypothesis gives, ;it the sttiiie h i e ,  mi es lanation 
of the fnct that in the port.ion of t,he rogion of t 1 e north- 
east. trades lying over t,he coiitiiient,s (nort,liern Africa, 
iiortlierii South Americaj , there is such a pronounced 
claily period t,o the wind velocity that the wind beconies 
aliiiost stormy soon after noon while in the evening it 
sinks to a coiiiplete calni. 
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THE ASCENT O F  AIR ABOVE ACTIVE VOLCANOES. 

By Dr. KURT WEGENER, Giittingen. 
[Translated from “Gerl3nds Beitrage zilr Gropliysilr,” Leipeig, v. 11,1812, Kl. Mitt. 

p. 13G-139.1 

Besides the dnrniing eruption of glowing or hot lave 
fragments that accompanies a volcanic eruption, there is 
a second phenomenon that often is not less striking in 
external splendor and allmays furnishes an eff ec tive back- 
ground for the former display, and that is the columns of 
steam rising above the crater and frequently sending 
down lightlung, thunder, and rain. 
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So far as I am able properly to understand the portion 
of vulcanological literature known to me, students are 
to-day inched to regard the enormous masses of wat.er 
carried up into the air to descend again 8.5 rain, as being 
in whole or in art “juvenile water,” t,liat is wnt.er which 
was united wit, F 1 the glowing lava and 1ia.d separated out 
as va or as the Iava cooled. 

DeEeskamp 1 has found it probable that lowing lnva 

content of 10 per cent. According to this I had espected 
a volcano or a lava spring would develop a quantity of 
vapor proportionat,e to the aniouiit of lava estruded and 
cooled. 

In near-by Savnii (Samoa) an overflowing lava spring 
formed a lava field about 40 h i a  in est,eiit and of an 
average dept,li of 5 meters. Hence in 1906 and 1007 
about 300,000,000 cubic meters of lava were poured out, 
which woulcl have brought 2OJ0O0,OO0 cubic meters of 
water vapor into the air, assuming a water content of 10 
per cent. This would be n large volume as compaqecl 
with that delivered b other known volcanoes, yet the 
columns of steam anc?‘~siiioke , J  in Savaii were actually 
rather slight as is the cRse with iiiany lava lakes. Ac- 
cordin to the reports of those living near the Savaii 
lake t f ie steam and “smoke” columns were best devel- 
oped during tShe first year of t-he erupt.ion, viz, 1905. 
But at that time no noteworth volume of lava over- 
flowed at  all, there being Init esp r osions which t.osaecl the 
lava into tlie air. 

These esperiences seem to me t.0 justify one in doubt- 
ing whether the steam cloud consists altogether or even 
lar ely of juvenile water. 
%n the other hand one can not inimec1iat.ely deny tlie 

presence of juvenile wat.er in the lava, due either t,o mater 
primarily in the lava or to water from the earth’s surfncc 
which has in some wny penetrated to the liquid Itiva. 
Only scattered students seem to hold thcz 1att.er view. I t  
seem thus to be of interest to consider wliet,her nnd t.0 
what ext,ent the ‘uvenile mnt.er is neccssiir-y in order t.o 

what rBle purely meteorological processes might play 
here. 

When the air restina upon the margins of a crnter 
(Kraterrand) beconies Rented i t  expands, thereby be- 
comes (specifically) lighter than its surrounclings and 
ascends. The coolin due to ascension and espansion 

condensation and thunderstorms in proportion to t.he 
moisture content of the air, which viwies between 4 
grams per cubic meter in teniperate h i tudes  and 18 
grams per cubic meter in the Tropics. For the sdie of 
simplicity suppose t.liat the crater 113s m altitude of 
several hundred met.ers so that 1 kilogram of air has the 
volume of 1 cubic meter of air. Assume that the tem- 
perature of the air is 50’ C., which is approximately that 
of tropical and subtropical latitudes. Further take 
the aniount of wti.ter contained in 1 liilograiii of air tu 
being 14 grimis; a t  saturation i t  would be 16 gr:uiis. 

Now the pronounced stratificat,ion of our at,niospliere 
will prevent the warnied air rising to very great nlt,it,udes, 
in individual ca.ses, unless there were very st>rong heating 
at the volcano. The degree of heat,ing tit the volcano 
will, however, rarely exceed a certniii nornid aniount 
since a definit.e nscensionnl force, alins henting, of the 
air would carry i t  away from the further influence of  the 
volcano. Thus the altitudes to which ascending air may 
attain and accordingly the intensity of the thunderstorm 

quiescent a t  a depth within tlie earth’s crust a as a wat,er- 

explain the deve i opment of the vapor column, ns also 

(1’ C. per 100 meters f: or dry air) will sooner or lnt,er cause 

- ~ _ _  
1 Der C’rnschsu, May 26,1906. 

conconiitantly developed, will both depend upon the 
atmospheric conditions as will also the general effect made 
by the erupting crater. Many craters will not be able 
t.o develo ) their cloucls beyond altitudes of 3,000 to 4,000 

dona t,he boundary of the limiting stratum that gener- 
dly pies at that alt,itude. Most ascending currents over 
vohInot?s will have ceased to ascend when they have 
at.t,ai.ined tin dtitude of from 10,000 to 1.5,OOO meters, 
where begins a third meteorologically im Iortant stratum 

of the currents beneath it. It is in rare cases only, 
including particudn.rly the rocent esplosion of Krakatoa, 
that the mcending air masses wi tli their accompanying 
load of gas, lava, and dust particles are able to effect a 
notable penetration into this third stratum. 

The t.crniprra.t,ure of a voluiiie of air ascending adi- 
abat.icnllj-, 1. e., without receiving heat from its surround- 
ings, tlecrenses at r ahs  lying bet,wcc.n lT!. and 0.5OC. per 
100 met.rrs. Hence the separat.ion from it, of it,s water 
content. In geiiernl the tmiiperaOure of tlir free-air st,rata 
decreases upwtird tit t.lie siuiie rntc of 0.5’ to 1.O”C. per 100 
met,ers. At tho bounclaries of t,he nir 1:i-p~~ however- 
and the nietcorologicdly most. iniportmt he at  nbout. 4,000 
and 10,000 niet,ers--thcre is of t.en a sudden change in t,eni- 
perature such t,liat,, on trlie merage, the overlying st.ra tun] 
is ~e7ut~iwZtj m m e r  t.han t.he underlyinv st.ratum. Such a 
stratification wlierein warmer, lienccl Egliter air, overlies 
c.oliler air is mtdinnically st.:ible and opposes the further 
ascent of the rising air. 

If it be assumed t.liat the air ascends to an altitude of 10 
or 15 kilometers t.lien the dynamic cooling must have 
cnusecl tlic liquefaction of )r:ic.t~icnll all its content of 

ascending nnd cooling untlrr the same conditions. If t,he 
ascensioiial relocity of the air is 1 met,er*per second then 
over an nrw of 1 s c p r e  met,t!r of t,he earth’s surface there 
will be set free ever second 14 grams= 0.014 kilogram of 

Balloon observhms hare s~iown us that an ascen- 
sional velocity of 10 meters per second is no rarity for 
tlie air over t,he sun-wnrmed portion of the earth. It is 
c.ertaiii that t,he air over craters is much more strongly 
heat,ed than elsewhere and acquires a greater upward 
t.ende1ic-y. 

Howevcr, we may st.ick to t.he above a.scensiona1 reloc- 
it,y for the present and regard a velocity of 10 niet,ers per 
second :is t;he lower liniit,inv vnlue. The result,iiig. pro- 
cluct.ion of rainwater woulcl Be 8.4 liilograms per riiinute 
per square iiieter of the crater surface 

Hellmmn’s well-known work on the rainfdl of the 
river basins of northern German (vol. 1, p. 157) gives 
the absolute niasinium rninfa d for a brief interval 

meters wiere \ 

whose temperature is relatively notably H igher than that 

the steam cloud will have to spread out 

wnt.er vupor. I t  would be ! ollowed i y other air masses 

nioisture, or 0.84 ki Y ogrsni every minut,e. 

111 111 4 lrg: as 4--;-: = -T-L-m- for Germany. I n  the Tropics the minute iiiin. ni2 
water vapor content of the atmosphere is about four or 
five times as great ns i t  is in Germany; SO that a meas- 
ured rainfall of ----I would not be estritordinary. 
As a iiiat.ter of fact, however, the actually measured 
rain€:dl man be but u fraction of tho water produced. A 
larger and perliaps the greater portion of the water ro- 
iluccd reiiinins us clouds floating in or very slowly fa R ‘no 
through the air. Further that portion of the Produce2 
water which reaches our gages will be sprea over a 
niany times larger area [than that: from within which it 
origina tcd]. 

s.4 kg 
niin. in2 
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Thus a coniparison with Hellniann's averages le? '1s 1 us 
to the conclusion that our assumptions as to ascensionid 
velocity ancl moisture cont.ent are close to the lower limits 
of the probable ones; and that meteorological processes 
alone would be a.clcqua.t,e to explain the aiiiouiit of water 
that occurs as rain or cloucl. 

When trhe air has an ascensional ve1ocit.y of 10 iiwters 
per second even tliick raindrops can no longrr npproacli 
the earth. If they we iushecl aside then i t  would seeIii n.s 
t-houah, by reason of t i e  ! sorting action of tlie ascending 
air, tfie niass of the drops must increase until their weight 
overconies tlie kin+ ener y of t>he ascending air and a 
violent outbrealc io~ows. ferha 1s this is the proceilure 
in t,lie case of the iinu-Mlows whic li are reported as accom- 
panying solile volcanic eruptions. 

Take for esaniple a volcano having a chimney nper- 
ture of 10 sc uare niet.ers, according to the above nssump- 
tioiis it wou i d yield wa.ter to the amount of s . 4 ~  1OOx' 
100= S4,OOO liters= 84 cubic meters per minute. This 
would anlount to : 

The chininey aperture of the F ava lake on Savaii is 

5 x los cubic meters per hour. 
131 x lo3 c.ubic niet.ers per clay. 
44x 10' cubic meters er yew. 

approximately ten times aQ great .as the above, lielice 
would roduce 440 x 10'' cubic. metem of rninwnter per 
year w Y iile its product in juvenile water for t81ille saiiie 

eriocl, and under the most favorable conditions, would 
{e but 1OX loe citbic nieteix or 1/44 of the total waber 
produced-an insignificnii t fraction. l'liis contra.$ t he- 
comes yet inore striking wlien t.he esteuisive spreacl and 
surface of the estruded lava in Savaii are considered. 
For one must consider that the air tiwends from over 
the hot l a v d o w  as well ns from the lava lr~ke; ancl that 
while the quantity of juvenile water eshderl reiliains 
constant, being. merely spread over n grenter suifnce. the 
ascending air curreii t secures thereby ail e s  tmordiniirily 
larger base. It ~v-ould be niuch ne:irer the truth, tdicrr- 
fore, if the tiniount of water brought. to cwnclensntion 
mere1 as the result of warming .the ciir, or by nieteoro- 
logic9 processes? over the ~avrLii 1ar:i 1nlce were set at 
ten times tlie above-wsunled quantity.3 
As a result of the warming of thr air it, licco~ncs niore 

receptive. for n-nter yapor, and t.he juwnile wnt,er w n p -  
rates into it tlicre to play a role siiiii1:Lr t.o tlint of the 
iiaturd water-vapor content of the air. Tlie csistence of 
the juvenile wat,er vapor  nay not be deniecl. but tlie 
above discussion slio~vs tlint it call form so aii idl  n fnctor 
in tlie nieteorologicd processes inrolved ns to be 1111- 
recognizable, and !ts esistence i: not secn to be probnl!lc.. 
escept after studying other considerations. 'l'he juvenile 
water vapor c:tn not qi ,ear inclt.l~~iidentl~-. Mcteoro- 

shlfts the level of conclensntalon or tlir level of clcrclop- 
inent of " -risible" water vapor soniewv+t,  low^, ; k t  tlie 

nios t bringing this level down in to the chimney 
itse . 

The occurrence of electric discharges needs no special 
esplanntion wlien !hey acconip:iny lien\*y forination of 
cloud and hm n o t l i i i i g  to do with the crater :LS aurh. 

The significance of the general w-eather conditions and 
particularly of 6he t#cnipor aril y prevailing :i tmos p1 ieric 

logically it can only linve t I ie pignificnnce t$atf ita l ~ r e s c ~ n c t e  

- . . . __ . . - _. . . - - .. . . . . . . . 

3 There is a limit to the diameter and the speed of descent of roiudrops. \Vheu thrir 

a So that the proportion would better read, 
fall exceeds a certain speed l.hey split up. 

Juvenile water: Meteorologlral rater :: 1 : 440. 

stratification, has already been pointed out. The same 
volcano that, under well-developed stable stratification, 
and perhaps dry air, can drive up its cap of s t e m  doud, 
rain, or thunderstorm to an altitude of only 3,000 to 4,000 
meteis--t,hereby precipitating only about one-lialf of the 
water present .as vapor-can make an estraordinaril 
'water impression of its ac,tivities when an almost i n d  
?erelit atmospheric equilibrium permits it to drive ih 
cloud inwses to dtitudes of 10,000 to 15,000 meters, 
wlience the blue-black cap pours down a henry, rattling 
rain of wnter, d i e s ,  and liiva fragments. In the latter 
case it is difficult to avoid blnming the volcanic eruption 
for the flash niicl flare of the lightning ninong the cloud 
nimies, tlic roar of the thunder, and even the trembling 
uf the t.liuiider-8hnl~eii ground; as n matter of fnct the rela- 
tion between the volcano and the meteorological pheno- 
niena is a very loose and iridirect one. 

COMMENTS. 

In  connection with the subject of the 
Ur. Wegener it is instructive to recall 
Ilia titation of Washington lins recently 
nients on niuch the same phenomena, 11s t,liey 
the volcanoes of Hawaii. There is good reason 
ing that the character of the activity and tlie nature of 
the rolcanic produc6s n.rr closely simi1n.r in Hawaii and 
Sinrnii (the larger of the two isliinds of Gernian Samoa). 
Dr. Artliur L. Day? wlio hiis becii in c.1iarg.e of recent 
studies in Hawaii, finds that there the yolcmo cloud 
consists chiefly of finely divided sulphur, not of water 
particles, and If tlie same is true of the cloud at  Savaii it 
will be necessary to modify the conclusions reached by 
Wcgener. 

At Hawaii. s a w  Dr. Da17.~ the volatile products escape 
in two v-nys:' (1i ~ r o m  tlih llot lava; and-c?) from cracka 
in tlie ndjncent cold lnva fnrniing the b:win of the pool. 
When escaping from the hot lava the gnsea have its 
t.eniperature nnd they hurn to timsparency on coming 
int,iJ contwt with the air, so that the hydrogen fornis 
water, the sulphur fornis SO,, a i d  so on. XVlien the 
gases are eac.nping froin the d'ticent, conilitwatively cold 
eracks, however, t.liey :we cooied before t,hey reach the 
ataiospheric osygen and do not react .c\.itrli it,, so tlint the 
Iiydrcigen then escapes tw liy-drogqn, and the sulphur as 
sulphur. During diminished activity and consequent low 
stages of t.he liquid lava, i i  imsiniuni number of cracks 
in the cold lnva are exposed so tltat tlia gases of the liquid 
lava niostly rscnpe in the relatively cold condition and 
the visible olouil iiia.easzs. I n  Hawaii this cloud nppeam, 
in fnct,, to be niost,lly free sulphur. During periods of 
c.i,iisidcriible acbirity, on tlie other hand the liquid lave 
rises ant1 overflows, tlierehy closing t'he cracks in the cold 
liiva rim, tmd consequently reducing the volume of the 
visible cloud w1iic.h imp indeed cease tnfirc7y. Thus the 
a ,parent inagnitude of the vqlc?iio cloud over the 
11nwaii:~n lava lakes is, roughly, i n  inverse proportion .to 
the volcanic. nc.t,ivity tind so t80 the amount of volatile 
iiiatkcr given off by the liquid lava. This is m h b l y  not 

Saiiioan locditles referred to by Wegener. If there is 
this siiiiilrtrity with the EIawaiinn volcanoes, then it may 
be necessary to mollify the conclusions drawn in Wege- 
ner's paper.-[c!. A. jr.] 

true for esploqive volcanocs, but it may h old for the 

- 
4 Letter to the editor, mlnteil Washington, D. C., Afar. 27,1915. 


